This study examined the impact of the financial crisis on the environmental and technical efficiencies of the Japanese manufacturing industry. Overall, we found that while the crisis had a negative impact on technical efficiency it did not affect environmental efficiency-the only exception was the transportation equipment sector which improved its environmental efficiency following the crisis. Additionally, we found that capital intensity does not necessarily affect environmental efficiency. We discuss the implications of these findings and provide directions for future research.
Introduction
The financial crisis has increased consumer fears and caused rapid decrease in market demand (Morita, 2014) . Many sectors including the manufacturing sector have experienced a decrease in total factor productivity due to the low facility operation rate by production adjustment (Fujii, 2011; Pratap and Urrutia, 2012; Coulibaly et. al., 2013) . This has however allowed manufacturing firms to decrease their energy consumption (Bekhet and Yasmin, 2014) .
The country of Japan, for instance, has successfully achieved Kyoto protocol agreement due to the reduction effects of greenhouse gas (GHG) emissions triggered by the global financial and the collapse of Lehman Brothers 1 (Kuramochi (2015) . Between all industries, the manufacturing industry has experienced the most significant gain in environmental efficiency due to the continuous effort by many developing countries to enforce a scrap-and-build policy for their heavy industrial sectors 2 .
At the firm level, manufacturing firms have also stopped running inefficient production lines, relying instead on high energy efficient production lines to minimize production costs.
The Toyota Motor Corporation (2013, p.25) , for example, has recently indicated that "the Myochi plant in Japan has been consolidating its production process in order to adjust its production capacity. Both an older line and a new line had been in use for the casting process, which consumes a large amount of energy. By consolidating production into the new line, which possesses higher energy efficiency, the Myochi Plant was able to reduce usage of contracted power supply by 30%, thus reducing CO2 emissions per unit produced by 10%". Hence, if 1 Dumontaux and Pop (2013, p. 269) indicated that "according to the bankruptcy petition #08-13555, filed on Monday, September 15th, 2008, Lehman's total assets of $639 billion made it the largest failure in US history, about six times bigger than the largest previous failure". 2 According to Price et al. (2011 Price et al. ( , p. 2172 As no study to date has assessed the relationship between environmental efficiency and the financial crisis, we aim in this study to test this relationship. Specifically, using a sample of firms from the Japanese manufacturing industry, we test whether the crisis has led to any significant reduction in environmental inefficiency. We also differentiate between various industries as the available energy saving activities during production adjustments are different among industries. Therefore, the characteristics of an industry must be considered when analyzing the determinants of environmental efficiency. The use of Japan as a context is by itself an important contribution as the Japanese manufacturing sector suffered a crucial decrease demand following the collapse of Lehman Brothers (Morita, 2014).
The rest of the paper is organized as follows: Next we describe the methodology. Section 3 describes the data. Section 4 presents the results. Finally, section 5 concludes.
Methods
We use a Bayesian stochastic frontier analysis to obtain measures of technical efficiency (TE) and environmental efficiency (EE) of firms in our sample. While our interest lies mainly in testing the impact of the financial crisis on EE, we felt that including TE would provide a more comprehensive assessment of the impact of the financial crisis on the performance of Japanese firms.
To measure EE and TE we use the methodology of Fernandez et al. (2002) . Specifically, the estimation of EE involves the use of both good and bad outputs (e.g. CO2) in a distance frontier framework. Firms are deemed to be environmentally efficient if they produce a minimum level of bad outputs given their inputs. As the methodology is well established in the literature, we refer the reader to Fernandez et al. (2002) for more technical details.
We used a Tobit analysis to test the impact of the financial crisis on TE and EE 3 . To illustrate, within the context of EE, the Tobit model can be expressed as follows.
An important issue was to define the financial crisis. We focus here on the financial crisis triggered by the collapse of Lehman brothers (September 15, 2008) , which forced many manufacturing firms around the world to cut down their production scale in order to face the drop in market demand (Coulibaly et.al., 2013; Nguyen and Qian, 2014) . 4 Hence, our financial crisis is defined in a dummy fashion as follows:
where CRISIS reflects the effect of the financial crisis .
Based on this research framework, we aim to test whether the crisis has improved EE. As mentioned, we expect a positive relationship between the crisis and EE as most manufacturing sectors adjusted their production lines following the crisis. Furthermore, we expect higher EE for those manufacturing sectors with stronger capital intensity as these have experienced higher level of production adjustments. We test for this issue by taking the cross product of the "CRISIS" dummy and a variable introduced to represent capital intensity.
Data
For the estimation of EE and TE, we rely on the Nikkei NEEDS financial database and the GHG Emission Data report. The latter is particularly used to obtain data on CO2 emissions 5 . We use the following outputs and inputs for efficiency estimation. to control for the impact of capital capacity in the production process. In general, a high capital-intensive firm is supposed to enjoy higher environmental efficiency (Fujii et al., 2010) , and lower capital turnover due to the high dependency on capital equipment (Fujii et al., 2013 ).
As discussed above, this paper takes the cross product of "CRISIS" and capital intensity to test the impact of capital intensity before and after financial crisis. We also use a petroleum price index provided by the International Monetary Fund 8 to control for the impact of external market conditions. For instance, the petroleum price affects a firm's production plan and its strategy to maximize corporate profit.
Results
We present in Table 2 the results of our Tobit analysis. The table is divided into two parts. The first part shows the results of from three different models (models 1-3) where TE acts as a dependent variable. These same models (models 4-6) are then repeated in the second part of the First, we can see from models 1 and 2, that the crisis has a significant negative effect on TE.
Additionally, the capital intensity variable is negative and significant in model 2, indicating that high capital intensive companies suffered a stronger drop in technical efficiency over the period of this study. The negative and significant coefficient of the "Crisis" variable in line with previous studies focusing on the effect of the financial crisis on the technical efficiency of Japanese manufacturing firms (Fujii et.al., 2011; Morita, 2014) .
Surprisingly, the impact of the crisis on EE, though correctly signed (i.e. positive), does not seem to be significant (as indicated from models 4 -6). The interaction between the crisis and capital intensity is also not significant. Somehow, a different picture, however, is indicated from 
Concluding Remarks
This study examined the impact of the financial crisis on the environmental and technical efficiencies of the Japanese manufacturing industry. We estimated both technical and environmental efficiencies using a Bayesian stochastic frontier approach, and then conducted a second-stage Tobit analysis to assess the impact of the financial crisis across several manufacturing sectors.
Overall, we found that the while the impact of the crisis is negative and significant in the context of TE, it is largely insignificant in the context of EE, with the only exception being the transportation equipment sector. Furthermore, we showed that the interaction between the capital intensity variable and the crisis is not significant in the context of the transportation equipment sector.
While our results are not very conclusive, it seems that the impact of the crisis is sector specific. We encourage future research to look more carefully at each sector separately.
Policy makers may also need to consider the industrial characteristics of production when suggesting the economic recovery policy for manufacturing firms. Note: *, **, and *** indicate statistical significance at the 10, 5%, and 1% levels, respectively. Note: *, **, and *** indicate statistical significance at the 10, 5%, and 1% levels, respectively. 
